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Abstract

Errors from the intended performance of a systen,

composed of specialized co. ponents, could be due to any

number of sub-system fluctuations. This thesis will

’ examine the effect of these resultant errors on the

mission of the system involved. In particular, errors

in an interceptor's booster performance (seen as position

and velocity errors at burnout) will be propagated along

the interceptor'g orbit to a given target point and the

resultant error at the intercept point will be found. A

? range of intercept orbits will be examined to determine if

.' there is a family of particular intercept orbits that give

the minimum position errors at the intercept point. Con-

. clusions will be made as to what typical intercept trajec-
tory should be flown against a certain type of target so

‘ as to minimize the resultant free flight error propagation

to the intercept point.

——t.
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I Introduction

Background

In the problem of intercepting any orbital target,
there are always inherent abberations in the interceptor
system components which cause deviations from the desired
trajectory during the course of the intercept. The un-
planned errors in the flight path could be due to any number
of factors which could effect the targeted vehicle in
reaching it's programmed orbit. These deviations are
caused by unavoidable design and manufacturing flaws in
the components that compose the missle booster system, such
as fluctuations in the burn of the rocket motor during
orbital insertion or small errors caused by a slightly
inaccurate guidance package. All of these factors contri-
bute to position and velocity errors which occur during the
powered phase of the mission,J} - up to booster burnout.
Hence, the errors generated during the powered portion of
the flight will be the ultimate causes of errors in position

and velocity of the interceptor at it's planned target

point termination.
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Objectives

This study will be concerned with investigating how
the inherent errors of a missle intercept system effect
the final targeting of the interceptor involved. Depending
on the capability of the booster svstem, each interceptor
has the versatility to reach an orbital target using a
variety of trajectories, with each programmed to intercept
the body at a different point in it's orbit. Knowing the
accuracy characteristics of the booster system being used
allows the propagation of each possible intercept trajectory,
over a variety of times-of-flight, which give an elliptical
intercept path. Once the flight path is traced to it's
termination at the target's orbit, the deviation from the
proposed intercept point can be found by comparing the ideal
{no error) orbit and corresponding intercept point to the
actual orbit found through propagation of the error
ellipsoid from booster burnout to the target's orbital
path. Thus, given an error covariance matrix modeling the
position and velocity errors at burnout, this covariance
matrix can be propagated by means of a state transition
matrix to the predicted intercept point to give a covar-
jance at intercept. Then, examination of the eigenvalues

and eigenvectors of this final covariance matrix results

in the generation of an error ellipsoid for the interceptor

i A P e . T e R R e LK
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at the desired target point. This error ellipsoid can

then be sliced appropriatly to indicate deviations from

the intended intercept point in the cross track directions

[ae il 2

of the target's orbit. This final process gives actual
gif miss parameters at the intercept point from the target body

- in question. Repeating this process over the range of

i»'? possible intercept trajectories will give data which can
1 be examined to find the family of trajectories for which the
k , minimum cross track intercept errors are achieved.

Research

In my research for previous work, or corresponding
F_ ' effort on my topic, I found no data or documentation on the

subject. This was to be expected due to the uniqueness of

~ the problem. I did, however, uncover many items that proved
invaluable in the development of this project. Several
supportive references were found which aided in the extensive

orbital dynamics modeling which was done in the program.

St TR T TR TR AAE T T

The typical off-the-shelf general references proved invaluable

< in helping me answer the "obvious" questions throughout the

i project.




IT Computer Simulation

Assumptions

A computer program has been developed to simulate the
aspects of this problem, as previously outlined. For the
purposes of this study, it will be assumed that both the
orbital target and the interceptor are under the influence
of two-body effects only. Since the typical intercept orbit
would probably be an elliptical one, due to launch and
booster constraints, only elliptical intercept orbits will
be examined to further simplify the process. It is also
assumed that the satellite's orbital position at launch is
perfectly known; thus, the only errors present at the inter-
cept point will be due to position and velocity deviations
of the interceptor. The time between receiving the initial
satellite position data and launch is assumed to be zero,
and an instantaneous burn time of the interceptor's booster
is also assumed. In order to simplify the implementation
of the many orbital dynamics formulas needed, a universal

variable approach will be used throughout the project.

Programming Considerations

Initially, launch site data will be inputed to find the




position of the launch site in inertial space. Satellite

data, in the form of a classical element set for the target
satellite in question, will also be inputed to find the
initial position and velocity of the satellite, also in
inertial space. An initial time-of-flight for the inter-
ceptor will be chosen and it's corresponding orbit to the
intercept point (the point where the target satellite would
be after that time-of-flight had elapsed) will be computed.

A test will be made to see if this computed orbit is
elliptical. If this orbit is not elliptical, then the time-
of-flight will be ‘iterated, and the initial proceedure
repeated until an elliptical intercept orbit is found.

Once this is accomplished, the state transition matrix for
that particular elliptical orbit will be computed. This
state transition matrix will be used to propagate a covar-
iance matrix, representing the position and velocity errors
of the interceptor at the booster's burnout point, from the
burnout point to the given intercept point. Thus, a covariance
matrix will be found at the intercept point, representing the
propagated position and velocity errors of the interceptor.
By examining this final covariance matrix, conclusions can be
made as to the effect initial booster launch errors have on

the final miss parameters, associated with the interception

of the target satellite.
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Computing The Launch Site Coordinates In Inertial Space

This initial phase of the program was designed to allow
the earth location of any possible site to be entered, as
well as the date and time of launch, to allow flexibility
in the final simulation. Inputed data consisted of the
latitude and longitude of the site, it's elevation above
sea level, and the year, day, and time of launch. A sub-
routine was developed to determine the local sideral time
of the launch site given the site's longitude and the year,
day, and time of launch (Ref 1:103-10%). Then, knowing the
latitude, altitude, and local siderial time of the site, a
subroutipe was developed to determine the position of the
site in the topocentric reference frame. This position
vector was then transformed by means of an appropriate
rotation matrix to give the position vector of the launch

site in the inertial frame (see Fig 1), (Ref 1:98).

Computing The Satellite's Initial Position In Inertial Space

In computing the satellite's position at epoch, or
launch, data from a typical element set, which would be
received at the launch site from the NORAD space track
system, was used. This was composed of the length of the
semi-major axis of the satellite's orbit, it's orbital

eccentricity, it's inclination, the longitude of the
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Figure 1. Relationship Between S-E-Z and I-J-K

ascending node, the arguement of perapsis, and it's true
anomaly (#4,2,<,2,0,%), (see Fig 2.). Krowing these para-
meters, the initial position and velocity of the satellite

can be expressed in vector form in the perifocal coordinate

system by the following equationsé/&'; Z, 72:)_:
Fea/fr/cosv P +p/sinv & Q)
e /% [~si~u15*(2+cos \&)a] (z_)
- - A
where P= 4 (i-22)
/r/= P/(/+£ cos L)
and in universal variables = 1.
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Figure 2. Orbital Elements

The transformation of coordinates between the perifocal
system (P,Q,w) and the inertial system (Z,v,&K) can be
accomplished by means of a rotation matix ?(Ref 1:82).
Thus, if (%,%,,%,) are the components of a vector & in the

perifocal frame, then the coordinates of that vector in the

inertial frame are given by:

i e R .
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Rst Rsz Ras

Ru= Cos (2. Cos W - S @ Sin Y cos 2
R:z. a -~ Qo3 Q& S‘;u W~ S L cos W Cos L
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Rax = —=Sin 2 Stn 6O+ Cos 2 Cos & <085 £
Res= — 208 @ Siwn .l
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Rez> cos W Sww A
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Having determined the elements of the rotation matrix, it

only remains to find r and ¥ in terms of the inertial frame
components (Z,J,K). Thus: _ o
= _ > [F =) [
e | = Fa | Aane [P (=R [ = | (50
rr Fw Ve V=
Hence, the satellite'’s position and velocity vectors in the

inertial frame are now known at epoch (<{x;launch time).

Find The Satellite's Position At The Intercept Point

In computing the orbit needed for intercept, the time-

SR
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of-flight for the interceptor was chosen as a variable

which would give a resultant elliptical intercept orbit.

Due to the fact that the launch time was chosen to coincide
with the epoch time for which the initial position of the
target satellite was computed, the intercept point will be
the point on the satellite's orbit where it will be located
after traveling the chosen time-of-flight for the interceptor.
Thus, the first step in computing the intercept orbit is
finding the intercept point. This is done by up-dating the
satellite's position from it's initial location at epoch
(Z4=0) to it's resultant location , marked by the satellite's
travel during the time-of-flight of the interceptor. This

prediction problem can be stated as follows:

G ren : R, ¥V , To=0
* ] — e -
Fruo 3 r , VvV arzime t

where & is the time-of-flight of the interceptor. (see
Pig 3).

The selution consists of solving the Kepler problem for
the satellite as it travels from i to P in the given time-
of-flight. The initial step is to compute the universal
variable X, which is defined by the relation ).(" ‘/f‘ .

Kepler's time-of-flight equation expressed in universal




Figure 3. The Kepler Problem

variables is soley dependent on )( and the initial position

and velocity of the satellite, as seen here:

TOF = (E-RIX*C+ (/- B)3S+ nXx (7)
where: Sa (32 - sin TV [
C= (1- cesia’)/2
2s X4

An intermediate step in finding the radius and velocity
vectors at a future time is to find X when time is known.
Since equation (7) is trancendental in X , a trial and

error solution is indicated. Fortunately, the ¢ vs X

11




curve is well-behaved and a Newton iteration technique can
be used to solve for X when the time-of-flight is given.
1f a trial value for X is chosen, call it Xu, then

70F = (- Z)Xn< + (1 - Pola)Xe S + 1y X (8)
where: 79fxn is the time-of-flight corresponding to the

given 1o,V 4 and trial value Xw.
A better approximation for Xn is then obtained from the

Newton iteration algorithm:
% -%tn

—_— (9)
= “+
Xtul Xn df/dx ’xaxN

where: ¢ is thé given time-of-flight and %‘E is the
slope of the € vs X curve at the trial point Xwn. Now,
knowing X we wish to calculate the F and ? vectors in
terms of Fo)Vo f X . These vectors can be expressed in

terms of scalar quantities dependent on X as follows:

i"'“:—}.:?‘:-f; v (10)
v=4 7‘:-1-&? 74
f= /- (®/r)c 9= t- xS
f= x(@5-Onr)  G=1-x*</r

Thus, the satellite’s position and velocity up-dated by the

where:

chosen time-of-fligh% for the interceptor is now known.
Having the satellite's position gives us the data for the

interceptor's orbit: the initial position at launch and the

final position at intercept.
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Figure 3. The Kepler Problem

variables is soley dependent on )( and the initial position

and velocity of the satellite, as seen here:

70F = (F-RIX*C+ (- B35+ nx (7)
where:! S" (E*SI'N J?)/r{j
C= (1- cosfz)/e
22 X'/4

An intermediate step in finding the radius and velocity
vectors at a future time is to find X when time is known.
Since equation (7?) is trancendental in X , a trial and

error solution is indicated. Fortunately, the ¢ vs X
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Compute The Orbit Between The Launch And Intercept Points

At this point, both the launch point and intercept

point of the interceptor are known. It is now necessary

to find the orbit between them. In other words, given F: ’
(launch site radius vector), r= (intercept point radius

vector) and the time-of-flight from Vi to Fa , find 174 ;
and 2 where —‘2 is the velocity vector at launch needed to 'i
intercept at 7’; and 2 is the interceptor's velocity at _I": .

Here, the time-of-flisht is known and is simply the chosen
Thus, the solution of

time-of-flight for the interceptor.
the generalized Gauss problem in universal variables will

give the needed orbit. A subprogram was developed to solve

- —
the Gauss problem. Initially, from V7 and Y2, the constant

A was evaluated, where:

[P St~ &V (12)
= f/*CoS‘A\é

Here, AW was evaluated by finding the angle between ?. and

?‘.., . A trial value for 2 was then chosen and the functions
S and C were evaluated for the selected trial value for

Z where the series representations for 3 and C were used

to eliminate instability problems when Z is near zero.

4 & 3
S=E‘?"‘$‘,+%"'§7+... (13)
2 =+ 23
(14)

4
=’-—'-—‘ “——H“"——-—
C 3. s—, 7[ 9!+lll
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In the actual program, the first four terms in these series

[T - s f7

were used.

S= 7=s (15)
C - [/ — cos J—;- (16)
2

Next, the auxiliary variable Y was found from:

- )
Y= ri+rni-A (;,EES (17)
and A was determined from:

X= Y& (18)

Now, the trial value for 2 was checked by computing &n

—tN=X.3S+ASY (19)

and it was compared to the desired time-of-flight which is

from:

the given time-of-flight chosen for the interceptor. If it
is not nearly the same, the trial value of ‘é is obtained,
within some convergence criterion. A Newton iteration

scheme for the adjustment of 2 was used, much like that vsso
v +he PReEvicus s&tion and was implemented as follows:

= = ‘- tn
¢ = ~ Tt
" dt/&e =2

where ¥ = desired time-of-flight

¢n is given in equation (19)




S‘= 32 (c-353)
C'~ 35 (1-25-2¢)

Here, again, instability problems could occur for a small
value of Z . Thus, series expansions for S and C’ were
used when Z is small and the function representations for

S’ and C’ were used otherwise. When the method has con-

verged to a solution, the functions ¥, 9, andé were

Y
F= I~ “n (23)

g° AIJY (24)

evaluated from:

. Y
= /- /r
& z (25)
Now, since ?':_ = ;F. *-Jf’: , we can compute »"/T from:
— Y-+ R (26)
4 = 3‘
and similarly: . == -

Ve = - _—9 (27)
A L3
Thus now, both the intial position ( ¥\ ) and velocity ( v )y
and the final position ( 7 ) and velocity ( Y2 ) of the

interceptor are known, and hence, so is the intercept orbit.

(see Fig 4)




Figure 4. Intercept Problem

State Transition Matrix

The states at both the launch point and the intercept
point are now completely defined in terms of inertial
position and velocity vectors. The transition matrix
between these two states can now be found by taking the
partials of the state at the intercept time with respect
to the partials of the state at the intercept time with

respect to the partials of the state at the launch time

(Ref 3:129). Q X ('t zNTERcc'PT)

I(t:rl t°) = Q 2 (t EPOCH) /X QZs)

This was done numerically by perturbing each state element

at launch by a small amount and calculating the resulting




riew orbit over the same time-of-flight. The difference
between the final perturbed state and the initially known
state at intercept, divided by the amount of the initial
perturtation, gives the elements of the state transition
matrix between the two states, 35.. This transition matrix
will be used to propagate covariances over the known iner-

tial orbit.

Covariance Matrix Propagation

At the burnout point of the booster, a covariance
matrix was developed to reflect the position and velocity
errors due to booster performance. These error parameters
were treated as input to the program. Thus, the position
and velocity sigmas were inputed, transformed from the MKS
to the universal variable system, and squared to give the
diagonal elements of the booster covariance matrix at
burnout, which is itself a diagonal 6 x 6 matrix. The
upper three diagonal elements of the matrix represented the
position sigmas while the lower three diagonal elements
represented the velocity sigmas. Then, using the state
transition matrix for the given intercept orbit, this
covariance matrix was propagated from the burnout point
to the intercept point along the intercept orbit. This

was done via the following equation (Ref 2):

R T PR




PI=IPBIT (Z?)

Pz = Coppitnce Marrix 47 Trrercepr
Pg v« CovAaRtapees Maernix AT /3URN«J-.)7-

&L = S¥Aa e T/ZANJ‘/.‘/'Q)N MATQI\X.
The justification for the use of the above transformation

where:

equation is seen in the following derivation (Ref 3):
—_— DEFINITION OF

S X (tl-‘*- _é (tz’ &)Jx ('f;) <7‘,?,4N$/'T/'0N M4TR/';() 60)

PI - E[JX (fz) SK G )17 ((,-DFF/NITION oF \ 6,)

O VAR Lance MatRIx)
7 hus 3
Pr« E[FGot ) (Tth o) Je )]
= £ [ B (g, %) Jx (&) $x G T .4»)7_7
= £ (#,¢) E[Js« (o) J < ()T ) F oty
Pz =& (t54) Ps & (e,+)7 Gz)

where: E[ ] indicates the expected valus of the
bracketted quantity. Since this thesis is interested in
only the resultant pogsition errors at intercept, the pro-
pagated covariance matrix was examined and the upper 3 x 3
sub-matrix was extracted. This sub-matrix represents the

propagated position errors at intercept since the initial

18
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covariance matrix was developed by placing the position
error elements in the upper diagonal locations of that
matrix. This position sub-matrix represents the position
errors at intercept with respect to the interceptor’'s
orbit; {e :+ the deviations from the intended intercept
point referenced from the track of the interceptor's
orbital path. However, the items of interest are the
deviations from the location of the intended target
relative to that target. Thus, the position sub-matrix
requires a transformation so as to reflect the actual
position errors referenced to the relative velocity vector.
This was accomplished by a rotation of the position covar-
iance matrix, rotating about the relative velocity vector
between the satellite and the interceptor. This was done
by realigning the basis vectors of the error ellipsoid
along the relative velocity vector between the inter-
ceptor and target satellite (see Fig 5). This rotation

matrix was developed as follows (Ref 1:61):

cos © cay f cos@ SI’NG( ~Sin ©
’ - )
R = - Sin ¢ Cos ¢ o (33

Sin © cos o SinOsing  Cos e

19
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Figure 5. Slice Ellipsoid To Obtain Relative Error Axes

Using this rotation matrix, the position covariance matrix
was rotated into the relative velocity vector as follows
(Ref 2): Given initial covariance elements ifc' and desired

rotated covariance elements JX
Iz’ = R' Iz ()
P'e €far’, g2’ 7] Pacflr gz} (3730
P'=€E)R §& (R'.x;)"']
=€ [R'IZ TR
R E[IxExTIR'T
P'= R'PR'T (37)

)




Now the position error ellipsoid at the intercept point
relative to the satellite is known (see Fig 6). It now
remains to find the actual miss distances from this covar-
iance matrix. Due to the intercept problem involved, the
in-track errors, those errors that indicate if the inter-
ceptor is either in front of, or behind the target at
intercept, are of no real interest to this study, for
they simply dictate if the intercept should occur a little
sooner, or later, than expected. Thus, the row and column
of the position covariance matrix that reflect the in-track
errors were eliminated, leaving a 2 x 2 matrix representing
the cross-track errors at intercept. The eigenvalues of
this matrix were then found and their square roots were
taken to determine the axis lengths of the cross-track
error ellipsoid at the intercept point. Once these
principal axis lengths were converted back to the MKS
system, these lengths represented the propagated miss
distances from the target point (in meters). These error
ellipsoid axis lengths, representing the error from the
center of the ellipse to a point on it's edge, are one
sigma errors. They represent a 68% confidence level.

Dué to the linearity of the error propagation process,

the three sigma or 99% confidence level can be found by
simply multiplying the errors by a factor of three.
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Pigure 6. Error Ellipsoid Growth To Intercept Point
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Thus, the error ellipsoid footprint cross-track to the
relative velocity vector is now known, along with the
magnitudes of each perpendicular arm of the axis which

make up that cross-track ellipsoid. Throughout the deve-
lopment of the program, the reliability of each major sub-
program or element of the main program was examined in a
variety of ways. All of the program elements concerned

with orbit determination were verified by using data from
examples previously done in the references from which that
element was developed. Only high correlation between the
output of that suﬁ-program and the "book answer" insured the
proper functioning of that program element. The matrix
manipulations in the latter part of the main program

were verified by examining output matricies during inter-
mediate steps and calculating, by hand, certain elements

of the matrix found in the subsequent step and comparing the
corresponding numbers. This technigque assured the reliability
of the intricate matrix manipulations used in the propagation

of the initial covariance matrix to the intercept point.

m““ ' N e -_




IIT Program Execution

With the theory now modeled, the program is now ready
to produce the data réquired from which appropriate con-~
“clusions can be made. The launch site was held cohstant.
and a variety of target orbits were examined to make up
one senario. For each orbit examined, varrying times-of-

flight for the interceptor were used until an elliptical

. family of intercept trajectories were found. Then the

= j time-of-flight was slowly iterated over this elliptical

: range 1o produce a quantity of intercept points and, hence,
two-dimensional position error data at each point. This

array of data was examined and the minimum horizontal and

. vertical position errors were extracted along with their

corresponding time-of-flight, which indicateé on what type

. | of intercept trajectory they occured. Also, plots of the
cross-track error ellipsoid foot prints were made for the
first and last eliiptical orbits in the family and also for

the cases of the minimum horizontal and vertical miss

_—L

distances.




Results

In implementing the program to generate data, many
target orbits were examined. For all the runs used, the
;i launch site was fixed along the equater with zero longitude.
z>§ This located the site along the first point of Aires, T .
Ai long the.i? unit vector in inertial space. Due to the
' restriction on the geometry of the intercept orbit (it must

be elliptical), many of the target orbits considered

AT BT Y R

yielded too little information to be examined for definite

conclusions. This was done to the fact that there were very

e T e e R R
.

f few elliptical intercept paths that could be flown against

them. Thus, in this section only two types of target orbits

|

were considered. A direct polar target orbit which passes
perpendicular to the site was used along with a moderatly
inclined orbit which also passes perpendicular to the site

(see Fig 7), (see Table I). Initially, cross-track error

data was obtained by varrying time-of-flight for the inter-

ceptor and up-dating the satellite's position from epoch by

that time-of-flight. This technique gave the range of

elliptical intercept orbits over a segment of the satellite's

ordbital path, the eccentricity of each target orbit was
set at zero (circular orbit) and .Z (moderatly eccentric)
to obtain data sets for comparison. 1Initial covariance

values at burnout were found by inputting sigmas of 10 meter

24 ;

w__.____—_.——.————-—‘




Pigure 7. Polar (A) and Inclined (B) Target Orbits.
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Table I: Target Orbits Examined.

Target Orbit # 1:

Az=/,071615
La [« /078

A= 70°
L= 270°
= ©O°
V= 0°

Target Orbit t

A= 071615
L0 = /X/Q‘s
L= 6€E5°
= o
w= o°
we 270°

26

Target Orbit 2

A= 1070615
L2 ©.2
L= 9Qo0°
L2 e 270°
W= ©°

Y = o©0°

Target Orbit # 4:

A 1071615
L= ©.2
AL+ 65"
s Qo°
- oo

N e 270"




{ in position error and .03048 meters per second ( ./ foot
per second) in velocity error. Then two other data sets
were developed by first zeroing out the position error at
burnout and then the velocity error. This was done to
examine the sensitivity of the resultant intercept error to
burnout position and velocity errors. This cross-track error
) data for each target orbit is summarized in table II.
Plots of this data, cross-track error vs. time-of-flight,
can be seen in Figures (8 to 24). The parameter "circular-

ized cross-track error” was developed to combine the two

axis errors, as the other plots show both error ellipsoid

{ axes plotted as they propagated vs. time. It was found by
determining the radius of a circle with the same area as
the ellipse represented by the two axis lengths of the
cross-track slice of the error ellipsoid at the intercept
point. Next, identical data computation scheme was used
to examine error propagation when just one point on the
target orbit was used as the intercept point. Here, the
satellite's position at epoch was determined and held con-
stant as a family of elliptical intercept orbits were com-

1 puted for various times-of-flight. These intercept orbits

| were used in the error determination to examine the effect
of orbit geometry on the intercept error growth. The

corresponding data range is shown in table III.
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Table II: Intercept Errors Over Range of Target Positions.

Target # 1.
Booster Burnout Errors: Position /O m
Velocity (.0304¢8 frc

21.73 - 46,55
45,01~ 120,59
Variance in the Circular Error Parameter (M): 3/,27~ 7¢.92

Variance in the Principal Axes Lengths (M):

Booster Burnout Errors: Position /%102 m
Velocity ©0.03698 Vsec

2/.23 ~45.80
39.11 -~ nz.84¢
Variance in the Circular Error Parameter (M): 2g, 8/- 7489

Variance in the Principal Axes Lengths (M):

Booster Burnout Errors: Position /O a7
Velocity /x /02 ™sec
~ 3,88
Variance in the Principal Axes Lengths (M): +.04-~3
22.39 - 3.3

Variance in the Circular Error Parameter (M): 9.57-12.9¢

Targe 2.

Booster Burnout Errors: Position /O m

Velocity ©.030%§ Mfsec

. . 20.35 -~ 48.46
\/ P i
ariance in the Principal Axes Lengths (M) 39./7~107.92

Variance in the Circular Error Parameter (M): 28 23-¢7.65




Booster Burnout

Variance in the

Variance in the

Booster Burnout

VYariance in the

Variance in the

Booster Burnout

Variance in the

Variance in the

Booster Burnout

Variance in the

Varinace in the

2 |

Table II (cont.)

/x107% m

0.03098 ™M/3cc
19.62 ~ 47.82
28.23 - 6265

25.79-61.7/

Errors: Position
Velocity
Principal Axes Lengths (M):

Circular Error Parameter (M):

Errors: Position /0 m

Velocity /% (0~8 Mfsec

4.76- 3.09
Princi A L M
rincipal Axes Lengths (M): 19.77 - 37,0/
Circular Error Parameter (M): 9 2o -9, 7¢
Target # 3.

Errors: Position /70 m

Velocity 0.03048 "sec

20.72 - 40.46
26.43 - 152. 8¢

2341~ 78.63

Principal Axes Lengths (M):

Circular Error Parameter (M):

Errors: Position /x/078 m

0.0%043 M/fssc
79.99~ 37.76
23.01- 140.88

Circular Error Parameter (M): 2/ /g - 7¢ 8¢

Velocity
Principal Axes Lengths (M):




i

Booster Burnout

Variance in the

Variance in the

Booster Burnout

Variance in the

Variance in the

Booster Burnout

Varinace in the

Variance in the

Booster Burnout

Variance in the

Variance in the

ol et N BN, T e O bl W A W gL

Table II (cont.)

Errors: Position /0 m

Velocity /Z«/0°% Mfec

. 6.94 - 4.4/
Principal Axes Lengths (M): 3 24- 59 57

Circular Error Parameter (M): 9.29-/¢.22

Target L,

Errors: Position /0Om

Velocity O.03048 ™/sec

/8.69 ~ 96./8
29.42~ /349.08
Circular Error Parameter (M): 2/=m¢ -~ 74 .99

Principal Axes Lengths (M):

Errors: Position /X /10°% m

Velocity ©.03048 */s€c

/7.2t - 3952
20.75- 127.09
Circular Error Parameter (M): /8.8%-~ 70.87

Principal Axes Lengths (M):

Errors: Position /0 m

Velocity /&% 1078 sec

6.725 -~ .22
Principal Axes Lengths (M): ,3,,7. s¢a,

Circular Error Parameter (M): 9.43 - 5 15

30
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Table # III: Intercept Errors for a Single

Booster Burnout

Variance in the

Variance in the

Booster Burnout

Variance in the

Variance in the

Booster Burnout

Variance in'the

Variance in the

Booster Burnout

Variance in the

Variance in the

Family of Intercept Orbits.

Target # 1.

Errors: Position /0 m

Velocity ©-©3048 ™sec

Z2.03 ~39.5§
4¢.07 ~ I55.77
Circular Error Parameter (M): 3, /¢ ~ 78.99

Principal Axes Lengths (M):

Error: Position /! x 10678 »n
Velocity ©.@3048 */scc
2/.4%- 38.86

Principal A L hs (M):
pal Axes Lengths (M): o o/ iat.07

Circular Error Parameter (M): 2¢.7z - 74.92

Errors: Position 10 m

/x (0~2 Msee

.21 -9.61
21-66 - ”.49
Circular Error Parameter (M): 9Q ¢q¢- /6,57

Velocity
Principal Axes Lengths (M):

Target 2.
Errors: Position [©O m
Velocity ©.030%8 scc

18.42 - 35./
35, 7€~ /50. 63
Circular Error Parameter (M): 24 ¢o . 72.98

Principal Axes Lengthg (M):




i e -

PP T

Booster Burnout

Variance in the

Variance in the

Booster Burnout

Variance in the

Variance in the

Booster Burnout

Variance in the

Variance in the

Booster Burnout

Variance in the

Variance in the

Tabl IIT: (cont.

<

Errors: Position Ix /70" m

Velocity ©.030¢8 “"/sec
17.5¢ - 34,57
3. 99~ 132. %7

Circular Error Parameter (M): z3 o7. 69 38

Principal Axes Lengths (M):

Errors: Position /7© m

/x 1078 Mfsee

S/t - 3.98
1200~ 59.83
Circular Error Parameter (M): 9 gs- /57 ¢2

Velocity
Principal Axes Lengths (M):

-

Targe .
Errors: Position /6 m
Velocity ©O.-03048 “/sec

79.59 - 37.93
23.948 -~ 190.¢¥2
Circular Error Parameter (M): 2/4¢s5 - 72.98

Principal Axes Lengths (M):

/x (6%
0.030%8 M/sec

1843 - 372662

20.13 - 127.02
Circular Error Parameter (M): ,q ,0-¢9.¢7

Errors: Position
Velocity

Principal Axes Lengths (M):

32




e Booster Burnout

Variance in the

- I

Variance in the

Booster Burnout

Variance in the

Variance in the

Booster Burnout

Variance in the

Variance in the

Booster Burnout

Variance in the

Variance in the

Table III: (cont.

Errors: Position 10 4
Velocity 1%10"% "/5ce
7. 23"" 2. 84

12.20- 3%.855
Circular Error Parameter (M): 9 go./2.57

Principal Axes Lengths (M):

TParget # L.
Errors: Position /O m
Velocity ©:93048 “/sec

18.57- 36.23
2¢.92~ /137.61
Circular Error Parameter (M): 22.0%- 73.29

Principal Axes Lengths (M):

Errorss Position / X Io“% Py

Velocity ©.030%4] */sec

/18.08 ~ 36¢.05
P . Iy A L M
rincipal Axes Lengths (M): 20.72- /129.57

Circular Error Parameter (M): /9 3s - 68.3¢

Errors: Position /10

Velocity /x 1078 M/5ec
Z7.02~ 2.1/
I2.285~ 5¢eS

Circular Error Parameter (M): 7.46- /0.7¢

Principal Axes Lengths (M):
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FIGURES 8 - 11.

Data for the Range of Target Positions

TARGET i.
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FIGURES 12-15.

Data for the Range of Target Positions

TARGET # 2.
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FIGURES 16 - 19.

Data for the Range of Target Positions

TARGET # 3.
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FIGURES 20 - 23.

Data for the Range of Target Positions

TARGET # 4.
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FIGURES 24 - 27.

Single Family of Intercepts

TARGET # 1.
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FIGURES 28 -_31.

Single_Family of Intercepts

TARGET # 2.
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FIGURES 132 -_35.

At

Single Family of Intercepts

TARGET # 3.
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FIGURES 36 - 39.

Single Family of Intercepts

TARGET # &,
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Figure # 37
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Conclusions

In analyzing the results, the first obvious con-
clusion is the fact that shorter times-of-flight give the
smallest miss distances at the intercept point. This
observation is consistant throughout the data analysis
and does not depend on orbit geometry. But this fact
was an expected result in that, due to the linearity of
the propagation routine and a bit of common sense, the

errors should increase as the interceptor tracks further

down it's orbital path, as the times-of-flight become
larger. In comparing like target orbits which have diff-
erent eccentricities it was seen that the eccentric orbit
vielded smaller intercept errors for the same time-of-flight.
The length discrepencies appeared in both principal axes.
This fact indicates that the resultant intercept error is
dependent on the eccentricity of the target satellite's
orbit. Comparing data for identical times-~of-flight
between the two different geometry orbits considered,

it was evident that the inclined target orbit gave the
smaller intercept errors. This suggests that the inclina-
tion of the target satellite has a definite effect on the
final target miss distance. But a much more extensive

examination along this line should be attempted before a

definitive statement concerning this effect can be made.
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The most generalized observation that can be made in

examining the results concerns the magnitudes of the

computed errors themselves, The fact that these one

. sigma errors, represented by the circularized error para-

‘ meter, typically range between 2./.3 and 7#7meters indicates

that the final free flight intercept position is known

better than the position of the target itself. For the

purposes of this study, the target's position at intercept

was assumed to be perfectly known when in reality it's

three sigma location is only known to the order of about
500 meters. Now comparing the same target orbit data

while initial position and velocity errors were nulled

shows that the final intercept error is mainly dependent

on initial booster velocity errors and is not very sensitive

to corresponding position errors at the burnout point.

Finally, in examining the plot of the circularized error

parameter vs. time-of-flight it is noticed that, for all the

cases considered, it is a straight line increasing over time.

This result was also expected, as stated previously, due to

the linearity of the error propagation over time and this

fact lends considerable credibility to the computed data.
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Recommendations

Throughout the development of this thesis, and

especially in the final stages, I became more and more

aware of the many things that could, and should be done,
for which I just would have time. The next step in the ]
utilization of the program would be to alter the logic so
that the covariance propagation is done from an actual
burnout point to the intercept point. Because of the
initial assumption of an instantaneous burn of the booster,

the program propagated the covariance from the launch site

to the intercept point. An appropriate burnout altitude
could be inputted as a variable and it's location on the
path of the intercept orbit could be found. It then remains
to use this location to begin the covariance matrix pro-
pagation to give more realistic results. Another interesting
area which could be examined is the development of a contour
map of time of launch for the interceptor vs. cross-track
error for various times-of-flight. Considering a certain
launch time, corresponding launch and intercept points

could be found and a family of intercept orbits computed
between the points along with the associated miss distance.
Then the lzunch time could be increased and the process
repeated until a wide range of launch times have been

considered. Appropriate conclusions could then be made as
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to the effect of the time-of- launch on the ultimate inter-
ceptor's error at the target point. Also of interest might
be the examination of the sensitivity of the interceptor's
error to intercepts on different passes of the target rel-
ative to the launch point. Here, hopefully conclusions could
be made as to which revolution of a target should be used

to fly the most accurate intercept trajectory against.

In the implementation of this program, I see that I've
just scratched the surface by finding the cross-track errors
at the intercept point and doing the rather general orbit
geometry comparison. This groundwork has been laid in hopes
that follow-on research would be attempted to further broad-

en the knowledge on this subject.
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‘ APPENDIX A
COMPUTER PROGRAM
E




i

DLGGRAY SAT (INPUT=/R0,0UT2JT,TAPES=JUTPUT)

DIMENSTION "V (3,6) 930 3€)97(593)900%51) 4STU341) yWK{H0) ,CHECK(EHH)

DIMINGINY PHI(646) 4R (Z531,WT(3,3),CO0VIH,6),COVRI2,2),D0(3,3)

NTMENSTION S5(3,3)4U02,2)44(2) - .

DIMENSTION YA(.OC)yZA(L00) yARY(810),TT(420),0EP(400)

CCMMNN THETA ‘

COMMUM/LSTIMS/LONGI DAY, TIVE, THETAS)

COMMON/SITEE/LATILHI )

CCMMON/ZTYIME/T

COMPLEX YJyW

REAL LATI,LO“SI,LAT,LONG

xCAL NI ,MLG1,MAG2,LL,L2

INTEGFR €D .
Cl! ABF L SRARSENB I R LRE RN RFPNBRPEEEREY RFY SV E RIS RN AP LI BERSRP RN R LN ¥ EEE
COQ‘QI I IS IR EF YIS RPR P YIS FVYYSSEAFI RN PSANIN IS PRI PR PP RS R RN RS XL X 2 0 3N 3
Ce2 2 EIRNY PRIPLGATION FIR SVUNI-TI-CATELLITE ELLIPTICAL L4
Cevt?® INTERCEIPT ORITITS TO EXAMINTG S.E.?. SROWTH OF BOOSTER COVARIANCE ®¢
CoMA3A 21 RRBer s s XiNATER RIS ERELP AN P PF AN $RASFRRPARERINEIRECoRNEREE
C40:»‘444sn¢¢¢;~$4¥¢;a;&0-44»n4$t‘tv¢4uvv¢o~nt444!40;#4&40;;4&»m;~&4“!U

PRIINT 3938
PRINT 38 . :
8o FORMAT(1X,121(1H*))

KLM=0 ‘
{ri=c
111 IF(I1I.5N.3)50 TO 222
KLM=KL44+1
ITI=TIT+4
CD=0
tv=2
PRIINT®, * -
PRINT*,"###ats NRBIT NUMIZIR *,III," a#asnn"
DRINT, ,u "
Cro 224 0233080 pBa A s sRsin IR RbspR R AT IR RLs SLOANEERLNLEINININ P41 BREIRERS

c INPUT DATR




CAJIQO-U-Q!ll'-ods' I I XY R E RPN SRR NSNS Y NSNS YRENFYFSSY RSN R YRR SRR TS R S RE NN -
REANS ,T,IF, JF ‘
READ® ,BP, V>
REAN® LATT,LONGT 4 HI, TIME, 1Y, THETAS)
C-44446-‘§'80>ll b RERE RS 440#‘!'6“‘%}0".00‘!“" [ EYPE IR Y YFINSTYE Y F'Y PN I
' p OIINT*, "r CYARIAMCE VALUSS.4+20SITION ERPROXR=",RP," (M)
< OINT*, VELOSITY ER”Ox'“,VP,“(H/SE:)“
: DOINT#,"
RP=(RP/A3T8145)2%2
i YF= (YP/79(5,36628)%%2
DO 15 1=1,3

1.2 COVII,I)=2> ) ’
80 16 J=i445 )
1¢ CoOV(JsJ)=yP
© N0 9 I=1,L00
YA(I)=0. N
ZA(I)=0,
‘ CARY(I)=0. ,
\ 9 TT(I)=9. : :
( R T R Ry R L R N A S E s RS R PR Y RN YRS IR
c COMOUTE LCCAL STDERIAL TIYZ JF LAJNCH SITE

CrH1 42428 4ARABANRNERR > FB P PASRLEGUBL AR FFIEERIPI S RARRPFFBERLLFLLSR B2 000

CALL LSTIM=

R Ly T T T N Y Yy e T Y PY Y PPy

T=.1
. THETA=T, ‘
. CrP I RetiaXgussbVRasto Y RARTRRRXPRPFRERRRPECRRRRRR LR FRFEARNSFRRRIRFFE4ANIBEN ]
C CUMPUTE TINERTIAL COORDINATES OF _AJUNCH SITE

Co4c¢l¢¢0l4t¢~l-;;-u;r¢+;¢'+¢;‘oi;s»¢4;'¢10¢srco;ccl40¢¥4440¥»;4&4¢4#40.'

CALL SITCE(X Y3743 UX,y,VY,V7)
C#‘ll‘¥¢»'44§l¥~G&‘l‘##l#“#&‘l‘!l’!#*l!QlUl!l¥¥4¥4!!%‘ll&lll&ll§~¥4$¥l01

c COMPIITE INITIAL SATELLITE 23SITION :

C~~‘~4-=s~4:¢x4-t444b-;4;t4»~s1t-¢¢v¢&-v;-bOU»¢v'0§;§¢4n4u»vvnt&#»;4'l¢l;
CALL O?”I-(X‘,YT ZIZVYIZIYL4VZTIgRIyVO,A)
IJ=12 .
JJJV1

=i




Cr22 %03 84280l REANN " RAFNARARSSSEEIFSSEPIENNE CANRCSIIFINSBRIIIINLBL 057300

c URDATE SATZLTTE POSITION TO INTERIZEPT COINT
L R I T O Ry Yy Y Y R I RS Ry R Y
JAT=XT VX T+YI*YYI+7I* VY71
Tt CaLL FIHNAX{(XY,00T,4RIyVOyINI,)
IF(IMND.EN20)6G0 TO 19
CALL LOCATE(XX9FOyVDyF9GyS5y22922Z,1Y)
R1=F>XI+5VYXI
R2=F*YI+* VYT
RI=F+7T+GL'VTY
DE=XX*(77"5-1,)7(R*0)
NG=1,-XX**2,CC/R
Ve =DFAXT+DGYVYX]
Ve =DF¥YI+N5%YY ]
Ve=DF~7I+35%y7]
ReSART(RKLT Y 2, +F 2% 42, +P3**2,)
V=SNRT(V3** 2+VR" *2+4VL¥42)
CQ"‘ I E TR PR AT TR SIS SIS SI SRS SN R E LA NN RN R Y X ¥¥¥R‘¥"44""‘""‘444—“‘*"‘
c COMPUTE Q71T PFNUIRED FOR PRRIRE INTERCEPT
CT AP I antade s ¥t dusan BRSNS UEFINIALCFRIAIAN 2IRXEIF 2 s P SRS RRALLS
MAGIZSIRT(X** 2, 4Y5%2 474%2,)
MAGZ=SIRT(R14* 2, 4R2V #2,473¢42,)
X1=X/MAGY
Y1=Y/%AG1
21=7/MA61
X2=R1/44AG2
Y2=R2/MAG?
72=R3/445
NOPzX1*X2+Y1*Y24+721%72
NU=AC0S (22°)
CALL GAUSS(HNUZMAGTI MAG24T 95936 ,yL W)
IF(LM,EN.1)G0 TO 77
IF(LM.E9.0)6) TOo 77
V11=(RP1-F"X) /6
VI2=(R2=F'Y) G
VIZI=(k3=-F17)/6

A-3




VT1=(25%R1=-XV/0
VT2=(D5*R2~-Y) /6
Vi3=(DG*AZ=7) /4G
VI=SNCeT(V11**2,4VI2*%¥2,4+YI23%¢2,)
VVS=SARIT(VT 1% 2+VT2¥*24\TIFE2)
VVI=SOQRT(VIL1**2.+VI2**22,¢/[3%%2,)
D0T1=X*VI1+Y*YI2+Z*VI3
CC=VI+*2.-1,/MARYE
£1=CC*X=-DIT14VI1
£2=CC*Y=-2211¢VI2
E3=CC*7-73T1%VI3
SU=SORT(Z14%¥2,+Z2%%2,4E3%¢12,)
TI-T

=ARS(1.,/(VI**2-2,/MAG1))

C411~45«4O6§!4¢4ib‘#lx04#'444%#!“‘!‘*#'!‘lll!ltllb‘t+¢l¥¥l!!b¥¥‘1l0‘¥0‘

c

ARANCH==SLLIPTICAL OR HYDIR3IJLIC INTFRCEPT OKSIT

R EE T R R R L R R I Ny R S Y Y Y e R e )]

229
50
77
S0t

c

IF(ZU.6T.1)G6N TO S50

GO TO 5193

ORINT®,*] ELLIFTICAL INTIRC:ZPT 0OR3ITS POSSIBLE FOR GIVEN DATA"™
STQ° .
IF(XK.£7.1)6G) TN 111 . -

T'-'T"‘ci

IF(T.GT2C.)50 TO 229 ~

GO To 78

CONTINUC ]

R R Ry N S e Y Y Y LY R N Yy Y Y Y Y PY Y YS YT ERYYY |

VEVELO® THE STATE TRANSITION MATRIX

LT R LR Y Ny L IR I P Py Y Y S Y PR Y

51

JM=1

LL=0 :
I=1 !
TW=,0001

XHz=X4+THW

YW=Y+TH
7W=7+TW




ViW=VI1eTH

J2W=V1l24+TH

Y3IW=VI3+TH

R11=R1

RI2=R2

RI3=R3

VIiSi=vVT1 - P

vIS2=yT2

VISI=VT3

XC=YW

YC=Y

2C=7

Y1C=VI1i

va2e=vI2

v3C=VI3
DO=SANT(XHRF2¢Y > % 2¢7432)
YOSSART (VI 4«24V 2% 24yI3FF Q)
DOT=XWSVI1+Y*Y¢TI2+722V]I3
A=1.7(Y04*2=2,/F0)

A=A (A)

CALL FINTY(XYX, 00T 4RIy VO,TNI,1)
CALL LOCATZ (XX 350y VO sF3Ge3,00,Z2Z,0)
R1=F¥XZ+G" Vil

R2=FEYC+GV V2T

RI=F+72+L%0v 20
R=SART(RL' * 2, ¢P2¥* 2, ¢R3**2,])
NF=XX* {77 S=1,)/(R*0)
DGz=1eXX**2,%0C/R

- V1=DF*XC+J5*/1C

YZ=IFFYCHDG5Y2C

VIZPFATICHN3Y3C ‘
VESARTVLY # 2, 4V 2%+ 2,4 V3 *2,)
CHECK (1,1)= (1 =FI1)/TH

CHECK (2, D)= (2-112)/TW
CHECK(3,11=(3-PI2)/TH

CHECK th, 1) = (¥1=VIS1) /TH




72

73

74

75

7¢

CHECK(53,I)=(¥2=-VIS2)/THW
CHETK(5,I)=(y3-VIS3) /TH
IF(LLS%.1Y60 TC 86

JIF(IWE2.1)50 70 72

If(T.,E£7,2)G0 TO 73
IF(I,e2.3)G0 TO 74

T IF(ILEN)50 TO 75

IF(I.EN.,5)Y50 TO 76
IF(l.EN.H)HO TO 9pb

I=?

RO=SORT (X" * 2+YW: #2347+ %D)
DOT=X*yIL+YU*VI2+7*VI3

XC =X . :

YC=YW

GO TO 19

I=3

RO=SONT{(7W s *24Y> 224X ¥4 2)
DOT=X*VYI14Y*YI2+472UW+VI3

YC=Y

TC=7M

G0 To 99

T=y4

RO=SORT (X1 ¥ 24+Y %« 247%% 2)
VO=SGRT(VIAY=2+VI2** 2+VI3rE2)
DOT=xX*"f1UW+Y*JI2+7%V]I3

2¢=7? ‘
ViC=v i .

Gu TO 99

I1=5
VO=SAOFTIVIL*24V2W*t2+VI3FF2)
NOT=X*VIL1+YPY2W+T4Y]3
vVic=vI1

v2Cc=vew

G3 70 39

I=¢

VC=SQART (JI1%*24+V]2**24+y3r*2)




AD=A081 896 AIR FORCE INST OF TECH WRIGHT-PATTERSON AFB OH SCHOO-=ETC F/6 16/2
ERROR PROPAGATION FOR GROUND=-TO=SATELLITE ELLIPTICAL INTERCEPT =-ETC(U)
C 78 M J VON PLINSKY
WCLASS!F!ED AF!YISA/AA/?BD-B




2 asdrc
Sy

[P

DOT=X*YI14Y*JyT2+7%VY2Y
v2C=Vv12
V3C=V3Ad
LL=1 = \
G0 T0o 99
3¢ CONTINUE .
R R Ry N Ty Y T Y Y PR Y YRR Y R A Y PRI Y T 2

c COMPUTZ UPIATEN COVARIANCI MATRIX
C‘#O IE X DRSS TR RS R LRSS L TS PYYL RS RN SR SI NSRS RS SI N Y SRR IR YR LY T LYY
CALL MULT(CHECSK,COV,C 696y 3) '
D0 7 I=1,¢ . '
D0 7 J=1,3%
7 8(T,J)=CHERK(J, T)
CALL MULT{C,3,PHI,6,6,6)

L L Y Ty Y Y Y Y R P YT YRy E Y Y A
C EXTRACT POSITION SU2-ELEMINTS OF ZIVARIANCE MATRIX . h ]
L L R Y Y Y O Y Y Ty Y Yy Y TS Y Y ¥y
DO 2 1=1,3
D0 1 J=1,3 .
1 Rit{Iy N =PHI (T, J) . g
2 CONTINUE . '
AL T N T Y I Y L R R IR I T T T Py Y Y I
C ALIGN COVRRIANCF ELEMENTS ELING SATSLLITE TRACK
CARIT ISR IARBENT F RS R ROALPGBAN PP RENBAEF I VAL LIBELIECRFIBPITIRIFESRS
VXR=VTL=VL i
VYR=YT2=-V%
VZR=VT3I=VA

Vik=SQCT (UXRIC24VYR*™24Y7R+ 1 2)
VXY=SNRT(VXR**24VYRE* 2)
CPX=VXR/VXY

SPX=VYI/VXY

PZ=ATAN(Y7R/YXY)
RCT(141)="0S(PZ)*CPX
ROT(1,2)=C05(P7)*SPX
ROT(1,43)==SINC(P7) C i
ROT(241)==5PX : ) I




ROT(242)=
ROT(243)=0,
WOT(2,1)=5IH(PZ)*CPX
ROT(342)=IN(P7)*SPX
ROT(343)=00S(97)
CALL MULR(ROT, PD,DQ'3 3,3
DO 8 I=1,3
DO 8 J=1,2
8 EE(T, I=RAT(I, 1) .
CELL MULR(DOyFESEE439343) . -
00 11 I=4,2 . '
NG 10 J=1,42
10 COUR(I,J)= EF(I+1 J+1)
11 CONTINUE .

C#;acnaallvk’+l»$n;»¥ FARBNSNBONGESE VR BSP IR B U BLOGG PRGNSR ENIFLL BN V4NS

c - COMPUTE S0 ELLIPSOIO 2ESILTS
Cc;gv¢;¢4;;»;4;a-:osu—;,;:;;;0&!00!!#lv!vntlvtub»&ltt#o&v&o#.#c.&otc"'
I17=2 ' -

CALL EIGRFICIVP 25252,y 1yIZyHKyIZ)
DCO=VL*YT1/ (V* YUS) $VS+YT 2/ NPV VS) VS * VT 2/ (VHVVS)
MANSZASOS (D0
o-HANG‘180.1’.1415326"399
L1 W(1)
L2=%(2) :
IF(Li7L2,0T.)40R0 TO 111
L1=26378145,4SART (L)
1226373145, *3ART(LD)
TH=T# 13, 4L585457
66 CONTINJE
CEP=SRTUILLYL2)
AvI=VI*7,.20536828 Ny
LK=LK#1 :

o A vttty
PRINTY ;“TIME TO INTERCEPT=", MUy (MIN) CaTHy(TUY ™
PKINT’."ELLI°SOIO AXES LENSTAS? “,-1.“(“)“
PF‘INT"IO ."LZ’..(M, -




1630

66
222

223

PRINT#,"INTEJCECT ANGLE=",4aNG, " (IE5I™ .
PRINT=, "INTE22EPTOR LAUNGY ¥Z, OCIT¥z",NVI,*(KM/SEC) "
ORINT#, %+ 4CIP=",CEPy " (M)~
IF(LK.3Te70)30 TO 27
CL=CD+1

I=2*C0-1

J=2%Cn

YA(CD)=L1

7A(CO)=L2

TT(CO)=T

ARY(I)=L1

ARY () =L2

JEP(CD) =CEP

T=T+IF*.325

KK=1

JJI=JJ) ¢

GO TO 73

CELL PLOTR(YA,Z8,TTyARY,C
IF(IIT.E1.1)50 TO 66

60 7O 111

CALL ERR(DEP,TT,CO)

60 TO 11t

IF (XLM.EN.12)6G0 TO 223
I1I=0

PRI,‘T"‘. ”»

PRINTS,™ *

PRINT®,™ * '
GO T0 111

CALL PLOTE

sT0?

END




SUABROUTINE LSTIME

COoMMOM THETA
COMYON/LSTIME/LONGI DAY ,TIVME,THETAGD
REAL LONGI4LONG

O1=3,141532654

LONG=LINGI®*PT /7180,

TIME=TIME/2LD0,

DAY=DAY+TIVE '
THETA=THITAGO +1,0027 3750732, *PI* DAY +LONG
RETURN

END -




SUBROUTINE SLTE(XyYyZ VX V¥Y,VZ) ' .

COMMON THETA , ' N
COMMON/SITEE/LATILHI ‘

REAL LAT,LATI . . -
AE=1.022003136

3£=,99565105133

E=.09131

PT=3,14153265%

LAT=LATI*P1/180.

H=HI/Z2.N925572%VE? *

XI=(AE/ (14=E**“2,*SIN(LATI*F2,) **,5¢4)>*COS(LAT)

TE(AEP (1.=C%%2,)/C1e=~E#22,*SIN(LAT)I**2,)%*S+H)*SIN(LAT)
X=XI*CIS(THETA)
Y=XT*SIN(THETA)
VEARTH=,)588336C01
UX==VEARTH*Y
VY=YEARTH" X !
VvZ=0,.

RETURN

END




R et
- I

bad

160

164

108

SURRGUTINE MILT (1,8, C:L,W,W)
NIMENSION 0(5,5),8(6,6),5(:,:) AO(:,G),%D(B,S!,CO(G,S)
0C 1086 J=1,M ,
DO 104 I=1,L ' ' .
AD(E,J) =2 (T4 1}
DD 108 K=1,N
30(J,K]=‘(J'<)
70 112 I=1,L
N0 112 J=1,N
CB(I,J’=0-
OC 112 K=1,“
CO(I, N =0D(T, J)*AD(I;K)‘QJ(K,J)
DO 116 I=1,1L
00 11lo J=1,N
ClIsD)=COMLy N
RETURN

END

ek mb mamt




2ue
204

208

212

216

SUBROUTINE H4ILP (A,P ,O,L, y ) ‘
NIYENSION B8(3,3),29(3,3),0(3,3), AQ(3,3’,QC(3’3),CB(3,3)
00 208 J=1,M

0o 204 I= 1,L

AR(I D =L(T,9)

PO 208 K=1i,4N

BC(J,K)=P(J,¥)

0C 212 I=1,L

DC 212 J=i,N

£8(I,J) =0,

00 212 X=14M

CR I N =0T (T1,0) +ARP(I4K)*AZ(KyJ)

20 2196 I=1,L

D0 216 J=1,N

0(1,J)=C(I L)

RETURN

END




SYSROUTINE ORIITIXIZYIHZI,¥XI,VYIZVZI,R0,VO,4A)
NIMENSION N(5,6),B (6, b),C(a,)))D(3,1) #SS(3,1)
REAL I
READ® yA4E 4T yOMERA y WMEGA,ANIYY
, ) IF(SOF(SLINP!IT) JNELD)STO? .
x PRINT#,"“SATZLLITZ?S NRBITA. ELEMENTS (A,EsI,0MEGA,WMZGA,ANOMALY) S
.. PRINT# st anitfig A Ty [, IMEGAy AMEGALANOMY " #é#0208R84" :

P=A*(1.-Ei*2) ’
2=3.14159265359/180.
I=1+27
OMEGA=0OMEGA*T
}3 WMEGA=NMESA*?

! ANOMY=ANOMY*?

.

; R=P/(1,+5* COS (ANOMY))
o B(1,1)=R*2ISCANDMY)
: ' 3(241)= R‘QIN(ANOHY) i
| 3(341)=0. o
| D(14,1)==(1,/P*% ,52SIN (ANOYTY)) :
D(2y1)=1./24%,5 (E+COS (ANIYY)) _
N(3,1)=0. :
2(1,1)=CO3(0MEGA) #*COS(WME32) =SINCIMEGA) *SIN(WMEGA) *COS (1)
Q(142)==C3S(IMERA) *SIN(N“Z34) =SIN(IMEGA)*COS (WMEGA)*COS(I)
N(1,3)=SIN(NYEGA)*SIN(I)
N(2,1)=SIN(O4EGL) *COS (WMT32) 430S(IYSGA)~SIN(WMEGA) *COS (1)
; nea, 2)=-SIN()MCGA)*>IN(N|'3Q)+COS(34=GA)‘COS(NMEGA)*COS(I)
¢ N(2,3)==COS (IMEGA)*SIN(I)
0(3,1)=SIN(U4EGLY ¥SIN(I)
0(3,2)=CO(NMEGR)*SIN(I)
N(3,3)=CO0%(1) ~
CALL MILT(7939C9y35351) , : o
DO 11 K=1,3 .
. SS(Ky1)=C(K,1) . : .
11 3(Ky1)=n(¥, 1) .
: CALL MILT(N43,C9353,1)
' XT=SS(1,1)
‘ Y1=SS(2,1)

/‘7—'{?F B
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7I=58(341)
VXI=C(1,1)
VYI=C(2,1)
VZ2I=G(3,1)

RU=(XTe*2,4YI**2,47]#%42,) #+,5
VO=(VUXT=*2,40Y1 ‘2,¢V2]I%*2,)*"? .5

421./7(V0*t2-2,/F9)
A=A8S(a)

RETURN

END

No
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SURRODTINE FIMAX(XXsDOT9I9VIyINIQ) | '

COMMON/TIME/T . '

X=T/A

I=0

2=Xv*2,/A -

C=(1.=20S(SNT(7))) /2 .

S=(SOAFT(7)=STN(SART(Z)))I/3AIRT(Z**3.)
T=0OTEX*V 2,50+ (1,-RO/ZA)*(P#3,*¥SrRI*X

AT=X42%CHIOTEX? (L,=22S) )% (1 ,=7+3)

DELT=T-TT

I=I+1

IF(I.EN.5C0)G) YO 10

IF(ARS(0Z.T)4iTe1.E-6)G0 TJ ZD

X=X+JELT/IT
00 70 1
LINT*, "CONV:RGCNCE NOT MAJE~=X=",X
XX X
IND=1
RETURN
END

.,4-/4,




SURRQUTINE LICATE (XX ROyVI L35 9Sy339y2754)
COM4ONZTIME/TY

T=XX+%2 /¢ '

S=(SNAAT (7)) =SIN(SARTIZ))I)I/3IRT(Z** 3,)
C=(1.=-20S5(5M2T(7)))/7
Fz1,=-XX*%2¥C/R0

G=T=XX**¥3,*S

cC=C

12=7

RETURN .

END
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SUBROUTINE GAUSS(NUyMAGL,1432,F 4G,4I5,LM)
COMMON/TIVE/T )

REAL NJ,MIG1,MAG2

AA=SORT (MLG14MAG2)*SININD /3IRT (1. ~20S(NY))
LM=0 ’ ’
2=0.

I=0 .
IF(74GTee?
IF(’QLT [ gt }
GC TO 59
C=(1.=C0S(3MRT(™))) /7 ,

S=(SAPT (7} =SIN(SART(Z)) ) /73IRT(7=+3)
DC=(1,=Z%5~2.%C)/(2,*7)

DS=(C-34%%S) /(24%2)

G0 TO 54

C=(1.,-50SH(=-7)) 72

Sz (SINH(SIRT(~7)) =SART(-7) ) /SART((=7)** )

OC=14/20L4042 %777 20e=-3,%7%#2/7403204+4.47%*3/73628800,
0S=14/120442.*7/5040-3,%7%12/202880,4t, Z+*3/39916800.
50 TO 519

C=1e/2¢=7/2Ga#77%2/720,-"%%3/7L0320,
Sz14/0e=77120,+7**2/5040,-7%¢3/352830,

DC=14/2L442 4%7/7204=34%2"%2/740325.%4.%Z%*3/73628800.
DS=14/123e%2.%2/50404=3.%7%%2/362333,4L,%7%*3/33916800.
GO TO 50

I=Te1 .

Y=MAG1+MAGZ2=-AA* (1.,~-2%S)/SIRT(2)

IF(Y.LT4)G0 TD 58

X=SART(Y/C)

TT=X**3I25+AA4SNTT (Y)

. DELT=T=-TT

DELS=A3S(DELT)

IF(DELS.LT.1.,E-C)GO TO 17

NT=X*¥3%(25-3,4S*DC/7(2.*C)) +AR/8,*+(3,*S"SART(Y)/C+AA/X)
Z=Z+DELT/IT ) .

IF(I.GT.500)50 T0 80

63
) GO

3)
es
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GO TO 1
F=1.-Y/MAGY
IF(7,LE.0.)60 TO 88
G=AAYSOARTLY)
DG=1,-Y/MrG2.
LM=2

GO TO 33
LM=0

G0 TOo 33
LM=1

RETURN

END

A9




SUBPOUTINE PLDTF(YA,ZA,TT,ARY,COD)

INTEGER 0D,CO .

DIMENSION YA(LOD) , 28 (400),TT(%00),4Y(810)
Chi=CD+1

CD2sC0+2

cpP=2*C3

Chil PLOT(B4y=2:59=3)

CALL PLOT(04y147754=3)

CaLt PLO*(D.,B."b’o'Z)

CALL PLOT(H .26y 49 =2)

CALL PLOT(04y=84759=2)

CALL PLOT(=he2543049=2)

CALL PLOT(.e739¢754-3)

CALL SCALFU(TT,E.,CD,1)

CALL SCALE(ARY 47 ,254CPy1)
YA(CD+1)=ARY(CP+Y)

YA(CD4+2)=22Y(CP+2)

ZA(CD+1) =LY (CP+1)

ZA{CN42)=ARY (TP +2)

CALL AXIS(0e304y19HTIME=IT=FLIGHT (TU)y=13,5.4304,TT(CO1),TT(CN2))
CALL AXIS(0.90.922HCROSS TRASK ERRIY (M) 921537425990 .,9ARY(CP+1)4ARY
*(CpPs2)) - :

CALL LINS(TT,YA,CD)y1,0,0)

CALL LINS(TT,7A,CDy1,0,0) -

RETURN ,

ENO . : o

A-20
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SUSROUTINE E2R(CEP,TT,CN) : - 1
DIMSNSION DEC(LC0) 4TT(409)
| INTEGER €D -
CALL PLOT(8.y=2455=3)
CALL PLOT(Dey1e375,=3) o
CALL FLOT(0ey3de7549=2) ‘ 1
. CALL FLOT(5425,0,4=2) :
a CALL PLOT(0 ey =Bo759=2)
by’ : caLL FLOT(“E’.ZS’O.,‘Z)
CALL FLOT(s734,75,=7)
L , CALL SSALE(TT,5.,C0,1)
- ' CALL SCALE(DS®,T,25,C00,1)
i CALL Axxs«o.,o.,1°Hr1nE OF=FLIGHT (TU),=19,54504,TT(CO¢1),TT(S 30 +2f

: 0 *)
-y : caLtL AXIJ(O.,0.,3»HCIRCUL!QI7ED PRISS-TRACK ERROR (M), 34,7, 25,30q
~ §NEP(CD+1),IED(CP+2))
\ CALL LINCE(TT,DE®,CDy1,0,0)
‘ RETURN
j ENC

-
-
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